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In recent years, intramolecular charge transfer compounds attracted great 
interests of scientists. They share a common structural feature, namely a high degree 
of delocalization of the π electronic system connected to the digital electron donor (D) 
and electron acceptor (A) group. Such molecules are widely used in nonlinear optics, 
plasma and protein identification, especially in the development and utilization of new 
energy. 
Porphyrins are a class of macrocyclic conjugated electron-rich compounds and 
an ideal electronic donor (D), moreover, they have a good light,heat and chemical 
stability, a strong electronic characteristic absorption spectra in the visible region, so 
the compounds are widely used in the area of semiconductor, photosensitization, 
optoelectronic functional materials, biological, and so on. Fullerenes, in particular, 
have been found to make ideal acceptors in model photosynthetic system, due to their 
unique three-dimensional structure, the remarkable small reorganization energy, 
photophysical, electrochemical and chemical properties. In recent years, we have 
made good use of porphyrin complexes and their unique electronic structure and 
electro-optical performance to design and synthesis the optoelectronic functional 
materials and devices. It has become a very active research field. So the D-A 
compounds with its superior performance are widely used in mimicking energy 
conversion, photophysical, electrochemical and so on. 
In this paper, we synthesized three series of porphyrin-fullerene compounds. 
Porphyrin and porphyrin-fullerene ligands with diverse electronic effects substituent 
groups were synthesized by 1,3-dipolar cycloadditon reaction. Reaction of ligands 
with M(Ac)2·nH2O (M=Zn,Cu,Co) in methanol and chloroform, generating 
metalloporphyrin-fullerenes. All new compounds were characterized respectively by 
IR、MS、1H NMR and UV-Vis. 
The photochemical properties of porphyrin-fullerene and zincporphyrin-fullerene 
complexes were measured by steady-state fluorescence spectra. The results showed 
that: (1) strong quenching in porphyrin-fullerenes was observed obviously in 
Abstract  
dichloromethane solution. (2) Red shifts in th  fluorescence spectra was controlled by 
different electronic effects substituent groups (i. . -H,-CH3, -OCH3). 
The oxidati n and reduction properties of the target products were studied by 
cyclic voltamm try. The results s owed that the reduction potentials f the
c mpounds have obviously n gative shift compared to that of the pure C60. Because
the electric charg  easily transferred from porphyrin to redox centers C60 of
porphyrin-fullerene compou ds, suggested C60 more egative and decreas d the
el ctron-accept g ability. As a result, C60 was more diffi ult to r duced. 
The energy band structure of the target products were determined by UV-Vis 
specture and cyclic voltamme ry. We also discuss d the possible flow of e ectron
direction of target products under excitation of light. W ascribe charge- eparate state  
o the elec  of porphyrin ring flow to C60 under phot exitation. This afford
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第一章 绪  论 
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为如下四类： 











土金属等直接反应生成富勒烯金属盐，如 1990 年由贝尔实验室的 Hebard 合成出

















富勒烯衍生物 )以共价键连接起来。如 Westmeyer 等用光加成的方法，把




Nakashima 等通过 C60Ptn 和异腈配体反应，得到配体插入在 C60 和 Pt 之间的配合
物 C60Pt(CNR)4。几种常见的富勒烯衍生物配体键合金属实体的模式如图 1.3 所













         
    图 1.3 几种常见的富勒烯衍生物配体键合金属实体的模式 




吩是由 4 个吡咯环和 4 个次甲基桥联起来的大π共扼体系，为平面型分子，具有
芳香性。卟吩上吡咯环的 8 个β位（β-，即 2，3，7，8，12，13，17，18 位），































       











图 1.8 常见金属卟啉的结构图 
1.2.2 卟啉化合物的合成 
(1) Rothemund 法 
卟啉化合物最早由 Rothemund 合成，它以醛类化合物如甲醛、乙醛、苯甲
醛等和吡咯为原料，吡啶和甲醇为溶剂，在密封的玻璃管中，水浴 90-95℃下反
应 30min 得到。目前该法现在应用不多，己逐渐为后人所改进。 















































     作为单加氧酶的模型，卟啉化合物在生物化学方面的研究与应用主要有[92]
对烷烃进行单加氧化；对烯烃进行环氧化；对萘酚进行氧化[93]；对木质素[94]、
污染物及含硫、含氮等杂原子化合物的氧化，同时卟啉化合物也可用于药物的代
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9
卟啉组成，PV 为电子受体二苯并咪唑芘，MC 为强的电子给体。光激发时发生
从 HD 到 PV 的分子间电荷转移，同时电子迅速从 MC 注入 HD，利用这种能级
匹配的多步电荷转移体系抑制了电子回传，提高了光电转换效率。这种光电池的
短路光电流的量子效率为 49.2%，开路电压 0.39V，填充因子为 0.51，光强为




















图 1.9 Gust等制备的第一个共价键连卟啉-富勒烯化合物 
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两个卟啉键连一个富勒烯(双卟啉-富勒烯)所形成的A-D-A型或者D-A-D型的卟
















图 1.13 典型轴向配位卟啉-富勒烯 
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图 1.14 共结晶卟啉-富勒烯复合物 
 
1.4 共价键连的卟啉-富勒烯化合物的潜在应用 








































的卟啉分子, 以充分利用500-700 nm的光能, 二是通过分子设计使分子扭曲, 破
坏分子的平面性以克服分子的聚集。这方面人们作了诸多探索，如卟啉多聚物的
合成及性能，对卟啉进行小分子或长链高分子修饰，但目前效果不太明显。充分
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利用C60分子或碳纳米管特殊的几何形状和高导电性, 通过强的共价键或弱的范
德华力, 将卟啉与C60或碳纳米管相连，来改善卟啉分子高电阻的不足，即让激发






































化铝(柱层析用，200-300 目)，使用前于 180°C 活化 2h，硅胶(300-400 目)，使用
前于 105°C 活化 1h；甲苯，丙酸，三氯甲烷，硝基苯，二氯甲烷，石油醚(A.R.,
沸程 60-90°C)等，其它未标纯化的试剂均为分析纯。 
2.1.2 仪器及测试方法 
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